Easter lily (Lilium longiflorum) bulbs have to be exposed to cool temperatures (vernalization) to obtain uniform emergence and flowering in the spring. For this purpose, a number of cooling techniques are used, namely natural cooling, case-cooling (CC) and controlled temperature forcing (CTF). Case-cooling is the technique, whereby the bulbs after digging are packed in a wooden case together with moist peatmoss, exposed to cool temperatures at 5-6°C for six weeks and then planted. CTF is the technique where the bulbs are planted first in a pot, rooted for 2-3 weeks under controlled temperatures (15-18°C), and then the pots with bulb are moved to a cooler and kept at 6-7°C for six weeks prior to forcing in the greenhouse. Our research has focused on a new technique of bulb vernalization named interrupted cooling (IC). This technique is based on a combination of case-cooling and CTF. The bulbs are first vernalized at 6°C for three weeks in the case, then planted in pots for a rooting period of 2-3 weeks, and then cooled again at 6°C for three weeks, so that the bulb will still receive six weeks of cooling. The objectives of this study were to determine whether IC is a feasible alternative to either CTF or CC forcing and whether rooting temperature (14, 18, 22, and 26°C) influences the growth and development of Easter lily 'Nellie White'. Plant parameters (flowering date, number of buds, stem height and stem diameter) showed that plant morphology and forcing using IC were similar to CTF. The number of flowers, leaves, forcing time and plant height increased linearly with rooting temperature similarly for both IC and CTF. The base of the lily stem of the IC and CTF plants both showed longer leaves, with short internodes and a thicker stem compared to CC plants. Interrupted cooling proved to be a good alternative for vernalization of Easter lilies.
INTRODUCTION
In Canada, Easter lilies are produced commercially on a large scale. The main source of plant material is Northern California and Southern Oregon. In regular practice, following harvesting in the fall, bulbs are exposed to cooling to obtain uniform emergence and flowering of potted lilies. There are a number of cooling techniques (De Hertogh, 1989) , which are being used in the industry, namely natural cooling, case-cooling (CC) and controlled temperature forcing (CTF). The case-cooling is probably the most common technique, where the bulbs are packed in a wooden case with moist peat moss and then exposed to cool temperatures at 6°C for six weeks prior to planting. Another technique is CTF, whereby the bulbs upon digging and transportation to the final destination are planted in the pot first, then rooted for 2-3 weeks under controlled temperatures (15°C), and then the pots with bulbs are moved to a cooler and kept at 6-7°C for six weeks. For natural cooling, the bulbs are planted similar to CTF and the planted bulbs are placed in a cold frame or an unheated greenhouse until sufficient cooling has been achieved. For 'Nellie White', the bulbs are exposed for 1000 h at a temperature of 6-7°C in any of the three techniques.
Our research has focused on a new alternative technique of lily vernalization, which we termed as interrupted cooling (IC). This technique is based on a combination of case-cooling and CTF. After harvest and transportation, the bulbs are first vernalized for 2-3 weeks in the case at 6°C, then given a rooting period for three weeks, and then cooled for the remainder of the period in the pot, so that the bulb will still receive six weeks of cooling. The objectives of this study were to determine whether IC is a feasible alternative to CTF and case-cooling and whether rooting temperature influences the forcing of the Easter lilies.
MATERIALS AND METHODS
Bulbs of Easter lily, Lilium longiflorum Thunb. 'Nellie White' (20-23 cm circumference), which were dug on Oct. 21, 1999 (wk-42) , were received from Hastings, Harbor, Oregon on Nov. 1, 1999 (wk-44) . The bulbs, which averaged 158 (±16) g with a meristem of 4.0 mm long, were upon arrival given one of nine treatments (Table 1) . One treatment was done without prior rooting (case-cooled), four IC treatments with rooting at four different rooting temperatures (14, 18, 22 and 26°C) and four CTF treatments also with rooting temperatures similar to those used for the IC treatments. Rooting period was maintained for 3 weeks for both IC and CTF bulbs.
Before planting, bulbs were dipped in an insecticidal solution (dicofol at 0.525 g L -1 ) for 30 min, and planted singly into 15-cm diameter (1.6 L) standard plastic pots filled with Sunshine #4 Aggregate Plus substrate (SunGro Horticulture, Westerville, OH). Initially, each treatment contained 100 bulbs which were placed randomly on tables at 25 pots/m 2 of bench space. The temperature was maintained at 17°C in a glass greenhouse at Vineland Station, Ontario (42°NL).
Meristematic development from the moment the bulbs arrived until they reached flowering stage "E" (De Hertogh et al., 1976) was determined on a weekly basis on three bulbs for each of the treatments. Number of mother and daughter scales, leaves and height of meristem were determined during these examinations. Plant height and number of leaves unfolded of each treatment was also determined on a weekly basis from emergence until visible bud stage on five plants per treatment.
At anthesis of first flower, the following data were collected on each plant: date of flowering, plant height (from pot rim to the base of the inflorescence), number of healthy and aborted buds, diameter of the base, middle and upper portion of the stem, and stem weight of stem and buds only. In addition, the number of leaves was determined on 10 plants (out of 100) per experimental plot. The experiment was repeated during the 2000/2001 season with bulbs from United Bulbs, Oregon. Upon arrival (Oct. 30; 2000-wk44) , the bulb weight was 115 (±11) g and the meristem height was 2 mm.
Data were subjected to analysis of variance (SAS Inst., 1988) to compare the case-cooling versus either IC or CTF for the plant parameters. Following this, a comparison was made between IC and CTF. From the ANOVA analysis, it was evident that rooting temperature was significant for a number of parameters. Therefore, regression analysis was done on both the IC and CTF plants with rooting temperature as the independent variable and determined whether there was a linear relationship between the rooting temperature and plant parameter.
RESULTS
As both years showed similar results, only the results of the most recent planting (2000/2001) are presented in this report.
Flower Number
Case-cooled bulbs had about 0.8 flower buds less than the mean of either IC or CTF plants (Fig. 1A) . There was no difference in bud count between IC and CTF plants (ANOVA). Rooting temperature showed a linear increase in the number of buds with increasing rooting temperature. The regression coefficient was relatively small (0.05 bud/°C).
Number of Leaves
The ANOVA analysis showed that CC bulbs had about 10 leaves less than the mean of either IC or CTF (Fig. 1B) . There was no difference between IC and CTF. Regression analysis showed that rooting temperature increased the number of leaves by 1.0 leaf /°C for both IC and CTF.
Forcing Time
Forcing time, which was determined as the period between the date that the bulbs were received at our site and the date that the first bud opened, for either CTF and IC bulbs was about 11 days longer than the plants which did not receive a rooting period of three weeks (152 days for CC bulbs and 163 days for the mean of the IC and CTF bulbs combined) (Fig. 1C) . There was no effect between IC and CTF in forcing time. However the forcing time was delayed by about 0.7 day/°C increase in rooting temperature.
Plant Height
Plants, which were grown from case-cooled bulbs, were about 3.0 cm taller than the mean of either IC or CTF (Fig. 1D) . Although there was no difference between IC and CTF, plant height increased linearly with rooting temperature (0.21 cm/°C).
Stem Weight and Stem Diameter
Stem weight did not show any significant effects from the different treatments. However stem diameter at the base of the stem of the IC and CTF plants was 1.5 mm greater than that of CC grown plants. Stem diameter halfway or near the inflorescence was similar for all treatments. The lower leaves of either IC or CTF were longer than those of CC grown plants (Fig. 2) .
DISCUSSION
Interrupted cooling is in many ways similar to CTF for Easter lily production, and as such a good alternative. All the measured plant parameters indicated that plant morphology and forcing were similar for the two techniques. Increasing rooting temperatures for 'Nellie White' produced more leaves and buds and a slight delay in forcing time, but did not show any signs of devernalization at the high rooting temperatures (22 and 26°C), which was previously reported for 'Ace' (Miller and Kiplinger, 1966) . High rooting temperature for extended periods (three weeks) is normally tricky as premature shoot emergence is a concern for Easter lilies, especially when pots are stacked in the cooler.
Both IC and CTF plants required 11 days longer to force than CC plants. Plants from the CTF and IC treatments were about 3.0 cm shorter than the CC plants, despite the fact that the CTF or IC bulbs had more leaves than the CC bulbs. This means that the internode length of the CTF and IC plants is shorter. This can be seen especially at the base of the plants (Fig. 2) . The slight increase in plant height for either IC or CTF plants with increasing temperature is due to the increased number of leaves. The stem diameter was only greater at the base of the plant for either the CTF or IC plants compared to the CC plants (Fig. 2) , where many leaves were stacked together on the stem. 
